Background and Purpose-Silent brain infarctions are associated with an increased risk of stroke in healthy individuals.
B
rain infarction is classified as silent if it lacks clinically overt stroke-like symptoms. The prevalence of silent brain infarction (SBI) defined on MRI in the general population ranges from 8% to 28% with a higher prevalence with increasing age. [1] [2] [3] Patients with SBI are at increased risk of stroke in population-based studies of healthy elderly people. 4, 5 There is little information, however, on the prevalence of SBI among patients with ischemic stroke. In studies of consecutive patients with patients with ischemic stroke, the prevalence of SBI ranged from 13% in young adults aged 15 to 49 years with first-ever stroke up to 57% in a cohort of Japanese patients with a mean age of 72 years. 6 -9 The risk of recurrent stroke in patients with both symptomatic and silent ischemic stroke (identified on CT) has only been investigated in the European Atrial Fibrillation Trial in the early 1990s, which found a nonsignificant increased risk of recurrent stroke and vascular events in patients with SBI. 10 However, medical secondary stroke prevention treatment has substan-tially improved since this time and CT was used as the imaging modality, which has a lower sensitivity for the detection of SBI compared with MRI. 1 No study to date has evaluated the risk of recurrent stroke and other cardiovascular events in patients with noncardioembolic ischemic stroke and SBI. The Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial is the largest trial to date that has investigated the prevention of recurrent stroke in 20 332 patients with a recent ischemic stroke and compared, in a factorial design, the combination of aspirin and extendedreleased dipyridamole with clopidogrel. 11, 12 The PRoFESS Imaging Substudy was designed to assess the prevalence of SBI detected on MRI in a subset of patients with a recent noncardioembolic ischemic stroke enrolled in the main PRo-FESS trial and subsequently whether patients with SBI are at increased risk for recurrent stroke and other cardiovascular events.
Methods

Patients and Sample Size Calculation
The PRoFESS trial protocol and primary results have been published elsewhere. [11] [12] [13] In brief, 20 332 patients who were at least 50 years of age with recent ischemic stroke within 120 days of study entry were randomized to either aspirin (25 mg twice a day) plus extendedrelease dipyridamole (200 mg twice a day) or clopidogrel (75 mg daily) and telmisartan (80 mg daily) or placebo in a 2ϫ2 factorial design and treated for 2 years. Mean duration of follow-up was 2.5 years. All patients received best medical care independent of treatment assignment. Apart from previous clinical stroke symptoms before the qualifying ischemic stroke as an exclusion criterion, and an MRI after the qualifying stroke as an additional inclusion criterion, patient inclusion and exclusion criteria were the same as for the main PRoFESS trial. We hypothesized that patients with both symptomatic and SBI had a higher risk of recurrent stroke compared with patients without evidence of SBI on MRI. All analyses in this imaging substudy were predefined. We estimated a prevalence of 30% of SBI in our study population and calculated with a sample size of 300 patients with SBI and 300 age-and sex-matched control subjects without SBI. Male and female patients with SBI were matched with patients of the same gender without evidence of SBI with dates of birth that were closest together chronologically. If a direct age match was not found, patients were matched if their ages were within 5 years of each other. If this resulted in Ͼ1 match, then the 2 patients with dates of birth that were closest together chronologically were matched.
The Imaging substudy of the PRoFESS trial was approved in global amendment No. 3 by the ethics committees of the participating centers. Participating patients signed the informed consent form for the main PRoFESS trial as well as a separate consent form for the imaging substudy.
MRI Analysis and Definition of SBI
MRI data were sent to the Clinical Adjudication Center of the University Duisburg-Essen and each case was independently rated by 2 experienced neuroradiologists blinded for treatment allocation. SBI were defined as a focal hyperintense lesion on T2-weighted images and/or fluid-attenuated inversion recovery with no corresponding symptoms in the clinical history of the patient that could be attributed to the lesion. SBI were distinguished from nonspecific subcortical and periventricular white matter lesions by the presence of a corresponding hypointense lesion on T1-weighted images. All ischemic strokes (the qualifying symptomatic stroke and SBI) were classified according to location. Lacunar infarcts were defined as a hypointense lesion that were Ն3 mm on T1-weighted images. Cortical border zone infarctions were defined as infarctions of the cortex located at the border zones between the anterior, middle, and posterior cerebral arteries and separated from hemodynamic lesions in the roof of the lateral ventricles or the centrum semiovale. 14 Subcortical infarctions were defined as infarctions in the basal ganglia and subcortical white matter supplied by the anterior cerebral, middle cerebral, posterior cerebral, lenticulostriate/choroidal, and thalamic arteries. Information regarding stroke symptoms of the qualifying ischemic stroke was elicited using baseline case report forms from the main PRoFESS trial.
Statistical Analysis
The primary outcome variable was first recurrence of stroke of any type. Secondary outcomes were a composite end point of vascular events (stroke, myocardial infarction, vascular death), other vascular events (pulmonary embolism, retinal vascular accidents that were not a retinal arterial occlusion, deep vein thrombosis, central venous thrombosis, peripheral arterial occlusion, or transient ischemic attack), and death. The primary and secondary outcomes were adjudicated by a central committee.
The 2 groups (presence/absence of SBI at study entry) were compared using conditional logistic regression. This analysis was confirmed by logistic regression with age (in years) as a continuous covariate and sex (male/female). Statistical significance was set at PϽ0.05. Analyses were performed with SAS Version 8.2.
Results
A total of 1057 patients who were randomized in the PRoFESS study had given consent to enter the imaging substudy of which 1014 (95.9%) patients had an evaluable MRI scan performed within 120 days of their qualifying stroke. Mean age was 66.1 years, and 63.9% of the patients were male. T1-weighted images were available for evaluation in 928 (91.5%), T2-weighted images in 954 (94.1%), fluidattenuated inversion recovery images in 926 (91.3%), diffusion-weighted images in 887 (87.5%), T1-weighted contrast-enhanced images in 186 (18.3%), and gradient echo MRI in 204 (20.1%) of these patients. Mean time from qualifying ischemic stroke to baseline MRI scan was 8.0 (Ϯ15.7) days. Mean time from baseline MRI to study drug randomization was 18.4 (Ϯ24.1) days in 956 patients. Fiftyeight patients got their baseline MRIs after study drug randomization with a mean delay of 15.7 (Ϯ24.6) days, but none of these patients experienced a recurrent stroke between study drug randomization and MRI.
An ischemic stroke on MRI attributable to the clinical presentation of the qualifying ischemic stroke was detected in 821 (81.0%) patients. A SBI was detected in 207 (20.4%) patients. The mean age of patients with a SBI was 66.2 years and 150 (72.5%) were males. These patients were age-and sex-matched with 207 patients without evidence of SBI. Baseline demographic characteristics, vascular risk factors, and treatment are shown in the Table. There were no significant differences between patients with SBI and matched patients without SBI except for a significantly higher rate of current smokers and a higher proportion of qualifying strokes classified as small-artery occlusion. The frequency of cerebral microbleeds did not differ between patients with and without SBI in the 82 patients in whom gradient echo MRI was available (41 patients with and 41 patients without SBI). Eight patients in the SBI group and 7 patients in the non-SBI group had evidence of cerebral microbleeds.
A total of 501 ischemic brain infarctions (symptomatic and silent) were diagnosed in the 207 patients with SBI on the qualifying MRI. The localization of these ischemic brain infarctions are shown in Figure 1 .
Although the rate of recurrent stroke was slightly increased among patients with SBI on baseline MRI compared with patients without SBI, the difference was not significant. Twenty-seven (13.0%) patients with SBI and 19 (9.2%) without SBI had a recurrent stroke (adjusted OR, 1.42; 95% CI, 0.79 -2.56; Pϭ0.24) during mean follow-up of 2.5 years (Figure 2 In comparison with the total number of 788 patients included in the PRoFESS imaging substudy who had no evidence of SBI on MRI, the 207 patients with SBI had a significantly higher stroke recurrence rate (13.0% versus 8.0%; OR, 0.58; 95% CI, 0.36 -0.94; Pϭ0.03) and mortality rate (6.8% versus 3.2%; OR, 0.45; 95% CI, 0.23-0.89; Pϭ0.02).
Discussion
Patients with both symptomatic and silent ischemic brain infarction detected on MRI had a numerically higher risk of recurrent stroke, other vascular events, and a higher mortality compared with patients with stroke without evidence of SBI in this imaging substudy of the PRoFESS trial. The differences were not statistically significant in age-and sexmatched patients.
Two previous population-based studies and 1 study in 933 neurologically normal Japanese adults had consistently found a significantly increased risk of symptomatic stroke in patients with SBI on MRI who did not have a history of symptomatic stroke at study entry. 4 -5,15 Symptomatic stroke occurred in 7.3% of 923 patients with SBI compared with 3.8% of 2401 patients without evidence of SBI (hazard ratio, 1.5; 95% CI, 1.1-2.1) during a 4-year follow-up period in the Cardiovascular Health Study. 4 Similar to this study, we found a nonsignificant OR for recurrent stroke of 1.42 in patients with SBI. In the Rotterdam Scan Study, SBI at baseline MRI was associated with an increased risk of both a new SBI and a symptomatic infarct during a mean interval of 3.4 years. Presence of SBI increased the risk of stroke Ͼ3-fold independently of other stroke risk factors (adjusted hazard ratio, 3.9; 95% CI, 2.3-6.8). 5 Both aforementioned populationbased studies reported a 30% to 40% higher prevalence of SBI among women compared with men, whereas 72.5% of patients with SBI in our patient cohort were male. Furthermore, most of the participants in the population-based studies were white, whereas the majority of our patients were Asians. Thus, we cannot rule out a bias by selection of patients with stroke in our substudy. There was, however, no difference in stroke recurrence between Asian and non-Asian patients with stroke with SBI in our patient cohort.
Data from a retrospective cohort study in 104 patients with acute ischemic stroke who underwent initial MRI within 24 hours of symptom onset and subsequent MRI on Day 5 and between 30 and 90 days suggested that patients with late SBI recurrence between 30 and 90 days (22.1%) had a significantly increased risk of recurrent symptomatic ischemic stroke during a mean follow-up of 19.3Ϯ9.0 months (OR, 6.55; 95% CI, 1.09 -39.55). 16 The combined vascular end point of recurrent symptomatic ischemic stroke, transient ischemic attack, and vascular death was independently predicted by both early (OR, 3.10; 95% CI, 1.02-10.00) and late (OR, 8.09; 95% CI, 1.29 -50.91) SBI recurrences.
The only prospective study that investigated the risk of stroke recurrence in patients with both symptomatic and silent stroke was the European Atrial Fibrillation Trial. 10 Nine hundred eighty-five patients with nonrheumatic atrial fibrillation with a mean age of 73 years who had a transient ischemic attack or nondisabling ischemic stroke were included for this analysis. Fourteen percent had evidence of SBI on CT and these patients had a nonsignificantly increased risk for recurrent stroke (hazard ratio, 1.18; 95% CI, 0.79 -1.77) and recurrent vascular events (hazard ratio, 1.2; 95% CI, 0.9 -1.6) compared with patients without SBI.
In addition, there was a slightly higher mortality in patients with symptomatic and SBI in our study. Likewise, 3-year mortality was increased in a population-based study in 239 85-year-old stroke-free individuals, 17 whereas there was no effect on 1-year mortality in patients with SBI in a study of 755 consecutive patients with first-ever stroke. 6 Due to the lower than expected prevalence of SBI in patients with recent ischemic stroke, our study was underpowered to detect a significantly increased cardiovascular risk or mortality in patients with stroke with SBI when compared with age-and sex-matched patients with stroke without SBI. The low prevalence of SBI can be explained by the mean age of 66.2 years in our patient group, whereas the prevalence of SBI has been shown to be strongly agedependent in population-based studies. 1 The mean age of 66.1 years in the main study PRoFESS was almost identical to the mean age in this substudy. An almost identical prevalence of 20% SBI in 226 Asian patients with first-ever stroke and a similar age distribution (mean age, 68.8 years) was reported by Ong et al. 18 In contrast, the prevalence of SBI in 171 Japanese patients with acute first-ever ischemic stroke with a mean age of approximately 72 years was as high as 56.7%. 7 Furthermore, mean duration of follow-up was 2.5 years in our study, which is substantially lower compared with the follow-up period in the Cardiovascular Health Study (4 years) and the Rotterdam Scan Study (3.4 years). These studies also had larger sample sizes compared with our study. Increasing the study sample size by comparing the 207 patients with SBI with the total number of 788 nonmatched patients without evidence of SBI resulted in a statistically significantly higher rate of symptomatic stroke recurrence and mortality rate in patients with SBI.
There is a wide variation in classification, detection, and discrimination of SBI, especially lacunar ischemic lesions, and white matter lesions on brain imaging. 19 Strengths of our study include the blinded assessment of MRI scans by 2 experienced neuroradiologists and the use of multimodal MRI. The combination of T1-, T2-weighted, and fluidattenuated inversion recovery images, which was available in Ͼ90% of our included patients, has been shown to accurately discriminate between small white matter infarction and nonspecific white matter lesions in a multicenter observer performance study. 20 Furthermore, diffusion-weighted images, which allow differentiation of the acute qualifying stroke from chronic stroke and white matter lesions, 21 were also available for evaluation in 87.5% of patients.
In summary, the presence of SBI in patients with recent mild noncardioembolic ischemic stroke could not be shown to be an independent risk factor for recurrent stroke, other vascular events, or a higher mortality.
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